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Abstract of JP5036372 



PURPOSE: To use a composite section 
photomultiplier tube for monitoring a radiated 
beam being incident into a large area region. 
CONSTITUTION: A composite section 
photomultiplier tube 10 has plural photomultiplier 
tube sections 14 in a single envelope, and 
regions, between photoelectric cathodes 24 and 
dynode cages 26 in the respective section, are 
separated from the other regions by shielding 
structure. The respective photoelectric cathodes 
act in cooperating with the corresponding diode 
cages, and one dinode 35 in the respective 
dinode cages is electrically independent from the 
other dinodes, also independently led outside the 
envelope. This can adjust the gains of the 
respective tube sections independently from the 
others, thereby making all section respond the 
same responses to a reference radiation signal. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The anode plate where it was formed in the single vacuum envelope, and each became independent of 
photoelectric cathode and the anode plate of other sections, Are at least two sections which have an electron multiplier, 
and it has at least two sections where it enabled it to supply the signal related to the radiation which carries out 
incidence to the photoelectric cathode of the section to each section from the anode plate. The electron multiplier of 
each section has at least two dynodes, and the electron multiplier of each section has at least one dynode electrically 
separated from the dynode arranged at the same sense of all other sections. Dynodes other than the dynode which these 
dynodes separated electrically are connected to the independent contact pin which penetrates the above-mentioned 
vacuum envelope, and was divided into the above-mentioned electric target of each section It is the photomultiplier tube 
by which each of the group of these dynodes that interconnected is connected to at least one contact pin which has 
penetrated the above-mentioned vacuum envelope by interconnecting electrically in the dynode arranged at the same 
sense of other electron multipliers. 

[Claim 2] The photomultiplier tube according to claim 1 with which the photoelectric cathode of all the things of the 
above-mentioned section is arranged on the single face plate of the photomultiplier tube. 

[Claim 3] The photomultiplier tube according to claim 1 with which electric shielding structure is established in the 
photomultiplier tube in order to separate a part of each section [ at least ] from other sections, and this electric shielding 
structure is arranged to the field between the photoelectric cathode of the above-mentioned section, and an electron 
multiplier. 

[Claim 4] The photomultiplier tube according to claim 3 which is a thing containing at least two separation members 
which the above-mentioned electric shielding structure is mutually arranged in a vertical flat surface, and cross the 
photoelectric cathode of the above-mentioned section, and are prolonged. 

[Claim 5] The photomultiplier tube according to claim 4 with which the above-mentioned separation member of each 
other is clenched in the slot currently formed in each. 

[Claim 6] The photomultiplier tube according to claim 5 with which the slot formed in the above-mentioned separation 
member is prolonged to 1/2 of the width of face of a separation member. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the photomultiplier tube which has two or more anode plates and the 

control electrode prepared independently especially at an electric bulb discharge device. 

[0002] 

[Background of the Invention] Generally the photo-multiplier is used with the equipment for detecting low radiation 
level. Typically, the photomultiplier tube has the photoelectric cathode which emits the electron formed on the internal 
surface of the face plate of a glass envelope. An electron multiplier points to the electron with which light was emitted 
from photoelectric cathode in photoelectric cathode, and they are collected by this electron multiplier. An electron 
multiplier has two or more secondary-electron-emission dynodes, and the 1st thing in it receives the electron from 
photoelectric cathode. These dynodes are usually arranged as one group. This group is often called a dynode cage. An 
electron multiplier is supplied to the anode plate which has directly the electric generating power related to the amount 
of the electron collected by the 1st dynode in the electron. 

[0003] In order to raise the collector efficiency of the photomultiplier tube (i.e., in order to raise the ratio of the electron 
collected by the 1st dynode to the number of the electrons emitted from photoelectric cathode), a focusing electrode may 
be prepared between photoelectric cathode and the 1st dynode. These electrodes are operated with various potentials, in 
order to form electric field between photoelectric cathode and the 1st dynode. The photomultiplier tubes (two or more 
section photomultiplier tube is called hereafter) which consist of two or more sections are not so rare. The double 
section photomultiplier tube is useful at especially research of a radiant ray including research of the light source of a 
case so that incidence may be carried out by the reinforcement from which a radiant ray differs into the part of a large 
radiation field, different time amount sequence, or different pattern. In such a field, when radiation area is large enough, 
it can inquire using the array which put die photomultiplier tube according to individual in order, but when a radiation 
field is narrow, it is dramatically difficult to make it the field covered by the envelope of tubing which makes each 
tubing sufficiently small, fully puts, arranges so that good visibility can be acquired, and moreover adjoins not 
generated. 

[0004] The double section photomultiplier tube mitigates the above-mentioned problem by offering work of two or 
more tubing by one envelope. Since the adjoining section is not separated by the part of two envelopes in the double 
section photomultiplier tube, it is possible to arrange an effective component by high density. Current and some double 
section photomultiplier tubes are available, and these belong to the conventional technique. However, when tubing with 
which plurality became independent is used, there is a problem not existing in the double section photomultiplier tube of 
these former. The one problem is constituting many sections in a small envelope and arranging them physically. The 
general solution over this accumulates the same dynode of two or more sections structurally, it is separating these 
dynodes from a electron optics-viewpoint of the section of tubing, and, thereby, each section operates independently. 
However, this approach is not always effective. In such tubing, exchange of "the cross talk produced between each 
section of tubing", i.e., an electron, still serves as the source in question, and in order to lose this cross talk, many 
proposals have been made. 

[0005] However, in spite of existing in all tubing actually conventionally, there is another problem considered not to be 
noticed in the double section photomultiplier tube. It is a problem actually produced by not thinking that two sections of 
a double section photomultiplier-tube throat and two tubing of the inside throat of tubing packed as a group in such 
semantics have the same property as accuracy about the electrical signal generated in an anode plate to radiation of the 
same amount which energizes photoelectric cathode. Therefore, even if it compares and the same quantity of a radiant 
ray carries out incidence to each cathode, each section of the double section photomultiplier tube generates a signal 
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which is usually mutually different. 

[(X)06] In the equipment currently used, dispersion in this output is offset by adjusting the gain of the amplifier which 
performs gain control in signal processing performed in the latter part, for example, processes the signal from the 
section according to each [ of the photomultiplier tube ] to the radiation signal of the criterion to the photoelectric 
cathode of each section, so that each amplifier may generate the same output. Equipment will be asked for unnecessary 
complexity compared with the case where each section of the photomultiplier tube has the same property by this 
approach with the natural thing. 

[0007] The object of this invention is making equal the output signal from each section of the double section 
photomultiplier tube, without giving an adjustment function to the digital disposal circuit which follows the 
photomultiplier tube by adding easy modification for the double section photomultiplier-tube structure which already 
exists, and the source of the electrical potential difference supplied to the electrode of tubing. 
[0008] 

[Summary of the Invention] The point that the double section photomultiplier tube of this invention differs from the 
conventional double section photomultiplier tube separates electrically each one dynode of some electronic 
multiplication sections from the same dynode of other sections, and is in the point of having made it becoming 
independent thoroughly. All the conventional double section photomultiplier tubes were constituted so that each dynode 
of each section of tubing might interconnect on other all and electric targets of the same dynode. That is, all of the 1st 
dynode of all sections were connected mutually electrically, and all of the 2nd dynode of all sections interconnected 
electrically. The same is said of future dynodes. 

[0009] It connects with the independent pin prepared in the base of tubing with which each penetrated the envelope and 
was prolonged, and enables it to connect the 5th dynode to a voltage source independently in the dynode in one of such 
the sets, and the recommendation example by this invention, without connecting also with which of the dynode of other 
same numbers electrically. Dynodes other than the dynode chosen in order to have connected with this independent pin 
interconnect as usual between each section, and, thereby, the dynode of other same numbers in all sections is connected 
electrically mutually. 

[0010] By separating one dynode from each section, it becomes possible to adjust independently the electrical potential 
difference supplied to each of these independent dynodes from others. And even if it is only one dynode, the 
independent voltage adjustment turns into adjustment of the output of the photomultiplier-tube section to the gain 
control of the electron multiplier by which the dynode is arranged, i.e., a certain specific radiation input. Therefore, 
since each section has at least one dynode separated electrically Adjusting gain about each photomultiplier-tube section 
and the gain of all sections are balanced. Or when gain is made equal and the radiation level of criteria carries out 
incidence to the photoelectric cathode of each section, an electrical signal completely equal to the signal generated by all 
other sections from the anode plate of each section is able to be generated. 

[001 1] Thus, the double section photomultiplier tube of this invention can generate the signal scaled from all those 
sections, therefore does not need any gain control in a latter signal-processing stage. 

[0012] The electrical potential difference to the dynode which each section became independent of can be obtained very 
easily only by changing the conventional dynode voltage source slightly, instead of [ of the resistance used in order to 
decide the electrical potential difference of the dynode separated electrically since the conventional dynode voltage 
source was a potentiometer with the fixed connection which determines the electrical potential difference for each 
group's dynodes ] — two or more juxtaposition potentiometer connection — what is necessary is just to carry out Each 
adjustable arm of a potentiometer is connected to the pin of the base of the photo-multiplier to which the independent 
dynode is connected, and the dynode which the suitable adjustable electrical potential difference each became 
independent of by adjustment of each potentiometer is supplied. 

[0013] Therefore, this invention makes the activity of many variable gain amplifiers unnecessary by the very easy 
approach. This advantage will become clearer by seeing what is necessary just be to, use the potentiometer which is the 
photomultiplier tube in which the recommendation example of this invention had the section of 16, therefore are 16 
passive elements instead of 16 variable gain amplifiers according to this invention for example. Furthermore, the 
dependability of reduce [ increase and a price ] of equipment is clear. 
[0014] 

[Example] Drawing 1 is the top view of the face plate 12 of the double section photomultiplier tube 10 by the 
recommendation example of this invention. This drawing is drawing substantially seen from the source of radiation 
which irradiates a face plate 12, or the light source (not shown). A face plate 12 is a part of vacuum envelope of the 
photomultiplier tube 10, and the photoelectric cathode of each thing of 16 sections of tubing 10 is arranged in the tooth 
back of the face plate 12 in the photomultiplier tube 10. If each of 16 sections 14 of the photomultiplier tube 10 is 
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arranged at a separate envelope, it will be the completed photomultiplier tube which can operate only by it and which 
was separated mechanically. 

[0015] Although the separate section 14 interconnects electrically in many points, in order to eliminate the cross talk 
between sections, the electron optics system of each section is separated from all other sections. One approach for 
giving this separation is establishing the electric shielding structure 16 between sections 14. This electric shielding 
structure 16 is formed by the separation member according to six individuals in practice. Three separation members 1 8 
in this cross a face plate 12 at the tooth back of a face plate 12, and each other are prepared in parallel at it, and the three 
parallel remaining separation members 20 are arranged by vertical relation to the separation member 18, they are 
engaged with this and formed. 

[0016] The structure which the separation members 18 and 20 engaged and was formed can be easily made by using a 
certain "egg case" structure from the former. That is, the intersection between separation members makes the slot of 1/2 
of the depth of the width of face counter each separation member, is formed, and is formed by pushing in the slots of the 
separation member which crosses until the edge of a separation member suits. What is necessary is just for self- 
positioning to be fundamentally possible for such electric shielding structure 16, and to carry out spot welding of it on 
the intersection of each separation member, in order to consider as firm structure. 

[0017] Drawing 2 is a sectional view of the photomultiplier tube 10 in the flat surface of the longitudinal direction 
which passes along the set which consists of four sections which meets the line 2-2 of drawin g 1 . The section 14 of the 
conventional photomultiplier tube is simplified and shown in order to show various inter-electrode unique interconnect 
of two or more sections 14 which are the main thought of this invention. Since the section 14 of tubing is altogether the 
same, in order to simplify drawing 2 , the reference number is given only to the components of one section. 
[0018] In drawing 2 , the double section photomultiplier tube 10 is shown as what consisted of vacuum envelopes 1 1 
which have a face plate 12 at the end and have many contact pins 22 in the other end as usual. The photoelectric cathode 
24 to each of 16 sections 14 is formed in the inner surface of a face plate 12, and the separation member 20 has 
separated the field between the photoelectric cathode 24 of a section 14, and the dynode cage 26. Each tubing section 14 
equips not only the photoelectric cathode 24 and the dynode cage 26 of itself but others with the electrode, therefore 16 
tubing will be effectually formed into one envelope. 

[0019] Although the focusing electrode 28 is formed under the photoelectric cathode 24 if only the section 14 at the 
right end of the tubing 10 shown in drawin g 2 is explained hereafter, this electrode is required for no photomultiplier 
tubes, and is not fundamental to this invention. The focusing electrode 28 is caudad shown for two or more dynodes of 
each section. This dynode group is often called a dynode cage from that physical configuration including the electron 
multiplier of a photo-multiplier. The conventional discernment used for a dynode is based on a figure, and a number 
becomes large from the 1st at order as an anode plate is approached from the thing nearest to photoelectric cathode. The 
sequence of this numbering is the same as the direction to which an electron goes the inside of an electron multiplier. In 
the recommendation example shown in drawing 2 , eight dynodes are prepared in each tubing section, and 3 1 is given to 
the 1st dynode as a reference number. The reference number of 32-38 is attached, the 8th dynode is a dynode 38 and 
other dynodes have it in an anode plate 40 most in near. 

[0020] In this kind of double section photomultiplier tube, although it is common, most dynodes of two or more sections 
interconnect with the dynode of the same number of other sections. This interconnect is shown in draw ing 2 as 
interconnect between the dynodes 33 which are the 3rd dynode. All of these dynodes are electrically connected by the 
wire 41, and connection is made by only one contact pin 42 after this. 

[0021] However, this invention differs from the structure conventional at one point. In this invention, one dynode of 
each section is separated from all other same dynodes in other sections. In the case of the example of drawin g 2 , this 
point is shown by the dynode 35 which is the 5th dynode in each thing of four illustrated sections. It dissociates 
mutually and each of these dynodes is connected only to the contact pins 44, 46, 48, and 50 of itself, respectively. It is 
based on this unique structure that it becomes possible to adjust so that the electrical potential difference which became 
independent to each of these separated dynodes may be supplied, therefore two or more sections 14 can have the 
respectively same property as other sections. 

[0022] Drawin g 3 is the schematic diagram simplifying and showing the potentiometer 52 used for adjustment of the 
electrical potential difference supplied to the dynode 35 which it became independent of for making the gain property of 
all the sections of tubing equal in order to supply an electrical potential difference to all the dynodes of the 
photomultiplier tube 10. In a recommendation example, a potentiometer 52 is a resistor with respectively single the 
resistance parts 61-64 and the resistance parts 66-69 including eight resistance parts 61-68 connected to the serial. In the 
usual configuration, only 1 has more resistance parts of a potentiometer 52 similarly than the number of the dynodes in 
each electron multiplier of the photomultiplier tube 10. Although this potentiometer 52 is usually connected between 
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photoelectric cathode 24 and an anode plate 40, other suitable arbitrary voltage sources can be used. 
[(5023] However, the resistance parts 65 are not the usual single resistor but a series of potentiometers 71, 72, and 73 by 
which parallel connection was carried out, and a group which consists of 74 grades. The number of the parallel 
connection potentiometers in the resistance part 65 is equal to the number of the independent dynodes 35 of the double 
section photomultiplier tube 10, therefore 16 potentiometers are used in the recommendation example. Thus, each 
independent dynode 35 has an attached potentiometer in it. a group which the good adjustment arm of each 
potentiometer has in the base of tubing 10 — it connects with the separate pin in a pin 22, and each independent dynode 
35 of tubing 10 is connected to one each of the same pins of these. All sections can generate the same output signal to 
the radiation input of criteria by being able to supply by this the adjustable electrical potential difference obtained from 
each potentiometer to the independent dynode 35 in one of two or more sections 14 of tubing 10, and adjusting each 
gain property of two or more sections. 

[0024] This description is not in the double section photomultiplier tube like other throats, either, and the conspicuous 
advantage that the gain standardized by all the sections of the double section photomultiplier tube can be given is given. 
Therefore, this invention does not need to add the signal-processing stage for adjusting it to the latter part, when the gain 
properties of each tubing section differ. 

[0025] The gestalt of this invention illustrated and explained is a recommendation example, it may replace with what it 
is possible to add various modification to the function and configuration of components, illustrated, and was explained, 
and other equivalent means may be used. Moreover, if it does not separate from the range and thought of this invention, 
a thing with each description is also employable independently from others. 

[0026] For example, other specific electrodes used with the number of sections, the number of the dynodes in each 
section, the dynode chosen as an independent dynode, or the double section photomultiplier tube 10 can also be 
changed. It is clear this invention's for it to be able to apply to the photomultiplier tube with two or more sections of 
arbitration. Furthermore, the voltage source of the adjustable electrical potential difference connected to the independent 
dynode 35 can also be changed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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